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»

] .'Labera;tmy Studies /0 &

@he Callfornla heekeepmng industry of 559, 000 colonies ¢ S

R
h e
o 1

. prpd?ces an annual income of $7.5 to 11,000, 000 with an anest-
m&nq of apprcxlmately $15,000,000 and leadseall other states
in ihree phdSLs of heekeeplng. These dlvlsm$hs ares . gueen { ‘
'anﬂ package bee productxon, honey andkbéeswéﬁ pyoductlon and | I "¥ ?._
Eg superviged polllnatlan of agrlculture croﬁé {atkins, 1972) ,F 3 E\

Honey bees are ased annually tc polllnatf crops 1n Calmfoxnla :: - ’

valued at $300,000,000. For over 30 ye s Ehzs xmporfant lnﬂustry

.
l

has sustalned serious losses from agrlcultural pest1c1de appllca~
txons. with recent introductions of new pesticides to replace ‘
tha uge of DDT, *hzs loss has been as hmgh as 86,000 colonles

in. a smngle year (Foote, 1970} .

Bacause cf the lmportance of these lawses, eomparatxva studies -
on the tox1c1ty of pesticides ta honey bees, Apis mellifera L., were
begun in 1950 at the Universxfy of Callfornia at Riverslde. Labqrau

. tory studies have been in progregs since then, ?161& studies have

been continuous since 1952 and have been reported separately by

- This is-a report of the laboratory studies.

B
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Fer convenlence the. W/ﬁ& “pEStlcide"_zs useﬁ here. tu _mean - '. N A
all agrlcuitural chemxcal@ used in farming and ranchlng cperatlons—- .
r %
”acarlczdes, antxblotmcs, dhemoaterzlants, des¢cwants, aefollants,

Y

- : _ funglcldes, herbicides, 1nqect1c1des¢ insect growﬁh regulators,

\

mcllusclciaes, nematlcmdes,:and plantxgrowth xegalators, ate,

These chemlcals are appllsd in many forms. The most important - co

ones are bamts, dlps, dusts, fumlgants granules, side dressings.

-

and sprays. Smog effects on honey bee§ are also tested.
. ,“;:ff"' - The study of pestlcmde effect on honey’ bees is vxtal because s 3_‘;
agrlculture ‘must have pestlcldes to control most agrzcuitural

- S ‘ pests' it also requlres honey bees fox polllnatlng 50 of the 150
- Iz
| N crops grown in california to produce commerdial quan tities of

5\

geeds and fruits., Since thi&\zs 80,-agricilture must learn how ) .

oy

to use pestz.cmdes so thar pes 5 are c*mtrclled and benef1c1a1 o g

1n$ects surv1ve. .

The ideal pesticide is selectively nonfoxic to honey bees

‘while it is controlling a specific pest. Sihce it is seldom
: , possible to develop a proﬁuct wholly meetmng the zdeal the best

ccmpromxse must be locked for. To find this, the relative toxici- .

1/~ ties of various pestmclde chemicals te honey bees havt been | IR
w’_ o - 'ccmparatxvely 1nvestLgate&. :

» Laboratory examinati@ns-aha field examihations nust both be
. “ ) conducted separately 1£ the toxic efhect cf each pest;ﬁzﬁe on

- honey bees 15 to be discovered. To Learn how to apply a pestmcmde

3

to the’ best advantage, detazled.qualltatlve anﬂ guantitative study .
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o~ ‘of its effect is necess‘ary. _‘I‘hi’s can best be done under the ,_ _ i
Q - gontre?tud conditions of the J.abc:r:atory. e T

The laboratoz:y techm.que prmar.tly me,zasures the pes‘tm:.de s . ‘
contact efiect, aithough :Lnternal effects of' stomach Qoiscns and [ .
fum:.gants are measurea by modz.fa.catlons of t’ne same techn.xque, o ";fl
or with other techniques l:r.‘ke mass feeding o po:tscmed food, : -
The dusting method used is ,eﬁfa.cz.ent in finding the qualitative BRI 4
an&yquanﬁitative'g:c.;ntacﬁg.effeé_t_ in thé laboratory. The dusts
are unifo:cinly pxep-aréd with pyro:lite as the common diluent.
?yrclite. is nc)’ﬁ"-tcxic to bees. Dusts are prepared by blending
‘the ‘technical.chemical, dust preparations, wettable powdeis, or};‘i

" emulsifisble liquid concentrates with the diluent., These prepe{_&‘ed

i

dusts usually store for fairly lengthy pericds ‘without the /

o~ deterioraff’icn or hydrolyzation that is often a disadvantage aé N
nliquid pré;parations. Dusts also have the advantage that thej
cher71ca1 does not separate fs.,om the diluent,

. ; A bEll-jar vacuum duster for use in pesticide tests was _
'c’icscx:.b d by I‘arrar et al (1948) . Richards and Muxrphy (1949). used

smzlar;equmpment for fungicide tests on Pean plants. McCalia}ri {1850}

. _made a thorough study of factors influencing deposition in’ the
beli‘-jar duster. In then.z‘: studies, Andersen and Tuft (1952} ’ ST .
and Tuft and Anderson (1953) used the bell-jaxr duster for dustmg o

flowering Llpma lanceolata plants, hotiey bees, and tomato plants.-

»  Atkins et al (1954) des*érrbed the ‘bell«-jar dustexr an& the - technique e

"-\,\usen in 1abc:cgtory evaluatwn of pesticide dusts in tcxlcclcglq:al

ROPEGAT
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" have heen modified many times.

" be caused by different operators.

gtudias with héney bees. The bel;.-»jarﬂ duster and {é‘ki'e tec‘hnique’ -
The px.;es.ent duster is operated
aut&!ﬁatically and’ glectrica];iy to eliminate veriation that might

| O'Eherwiée the screening tést

method is-about the same ds Atkins et al c‘iescr:.bed it in 1954'

- ,
be‘es

&csag&‘es of dust are weighe&; ‘ a::'e asplrated (suc‘ked) :.mtc

Qustxng cages bees are tr:eated~ and treated bees are t‘ransferred

into hol&mg cages at the rate of 1 unit per minute usmg & crew

* of three tec’hnlc:x.ans.

‘ 'I}he'laboratory tes{;ing'prccédux_'es and technique are as
follows, Worker bees of uniform age are obtained from a colony
beforea treétmer;t. he bees are aspirated from the stock-bee évage
into du,s;t-ihg cagés before feeding. The dusting cage is 3 inches
(7.5 em) in &iamaf:er'by_é inches (15.2 cm) high and made with
14“me"'hAwire (5.6-mesh/cm) screen. The dusting cage with the
bees ig placed in the dusting equipment. A watch glass containing
200 m‘:“: of pesta.cmde dust 'is placed :Ln the duster and ’che air

exhausted to a vacuum of 18 inches of mercury (931 mm Ha) .

 outside air imploding onto the dust sample replaces the vacuum

and uniformly &isperses:‘the pest:iciide onto the caged bees,
. , GE b _ :

dustec‘i' bees are removed from the equ:pmeht and transferred through

‘The

a funnel into clean S»» by 5~ hy S—inclt (12,7x12.7x12.7 cm) holc‘img

cages of 8~mesh/inch (3.2-mesh/cm) hardware cloth, Each holdmg

- cage holds a 14-milliliter vial contamnmg a 5()~percent honey-water

solution., The treatec't bees are kept in a canstant temperature

-

room &t B0 ¥ (26. ”ic) and Ga*parcent relats.ve hum::.&:.ty.

Observai:ians-

! .
‘ . e

.. B
‘r«.'-“"‘ R

»

)

B i

A S
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are recorded at 24, 48, 72, and\96 hours. Each pesticide is

.;' f “\i‘-. evéluaiﬁad' usiﬁg a series of dust- VLt J8. For this evaluaf;ion,
. 3 replicates of 25 bees each are LN "_aac‘h do;;aée level.
This adsage aez;:ies.is repeated tﬁ‘f:-e‘ ...mes‘us.vi}"lg 'beeé from a
different colony each 't‘in;e. making 4 };p'iiéate$ for esach ma‘terial
Cat each dosage level. . ' / | |
o ) '--ﬁntil 1861, laboratary'c&mbaratiw: data were déteminéd and

repmftea based cm field dosages commonly used fcr pest control
in Cal:.fornla agm.cultural Crops. In 1961, the 1 y'atory -
{:estmg system was changed tc)"- one tﬁat determines dosage-mortality

“ \ curves to obtain lethal confentratmn {tCag) * values. In 1963,

.

S _Mntlty of a dust ccmﬁose& of pyrclite o.:x.luent and 1 percent

“"-u

-

.. ¥
4

. ‘ Sudan IXX aEposited on hc)ney bees in the yacuum ‘bellmjar duater

. q was measured with a Beckman DU Spectmphs::*..ometer. Thig rebearc‘h
| in&:.cateﬂ that a dosage of 100 mg “of Qust mixture in the vacuum
.. bell-jax duster depas:.ted 61 66 - 14.0 gg ;cf mater:.al per bee;
-a 200-mg dosage depos:.ted 120.86 +4C2 5 uig per bee, and, a ﬁﬂ()—mg
; 'dosage deposited 240.33 ¥ 28.7. wg pex; 'm..e. : -':m-:.c; technigue was
, . S devised by te‘..hnz.czx.ans um:'ier: the gux&ance of Doctors R, 1;. Metcelf
v .;A ' . and T. R. I’uku‘:.o. The results cf t‘his study enable us to f:md the |

'l

R 1ethal doaage (LDSO)* values of ..«estlcldes ;x.n mlcrograms of rnemical

S

per bee from either dosage-mortalzty curves or’ frz:zm LCSO vames.
The slope value is also obtained fre:m the dosage-mortalz.ty surve.
With the LD50 and slope values, a"lycne }nay reconstruct thc dosaae-

: 1 mortal:.ty curve to obtain other LD valuesw The q,cas_agewmcz:_t:allty

< %

wr
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“m':;:e whmn applied as: a spray or dust to the aerial portmns

C of plants (pg/bee % 1. 1.2 is equmvalent to "the no. of kg/hectare) L

) of honey hee toxmczty in

" have been treated during the 1a§t 22 years to tast approximately

-Remem‘ber that the LDgy value is ths; ammmt of a pestxclﬂe which

akterwar&s (Atkms, 1871). . : o .o

»effectl‘va» index to detemme the anticipated increase or decrease

peoo-plererasativy

aux:ve provides the contact po:z,son effect ‘I‘he time-mortaiity ‘ ' ) '
curve provides tne stomac:h"po:x.son effect fm:' those pastx.c:lﬂes RN {
hav:.ng thig mcde of actxcn.- _ » :

Using this equipment and techniqu,e, 22,000 cages of bees
500 pesticides. This :mcludes an add;.tz.onal 100 dust diiuents
that have been tested through the years wh:.ch are not mcludeﬁ
in these data. ' '

Through éx;aerienca and observat:i,ons of field applications ' /’
and Field tests we have found that a useful rule of thumb way
of determining the antmcn.pafsrd toxm:aty hazarci of a pestmn.de _ | »
to haney bees ir the field" n.s avallable by ut:x.l:.zmg the _—_ %
1a;:;oratnry data presented ‘here:m. 1

“é
valye cf a*pest;:.c:.de in micrograns per bee can be dz.rectly

In most :mstances t‘ne LD50

convertted to the equl’valent number of pounds of chemual per

will k:r.ll 50% of the bees contacted, Then, for example, since
the LDgg of paxathmn is 0.175 ug/bee we would expect that
0.17 1b/acre of parathlon would kill 50% of the bees foraging
in a treated field crop at the t:une of treatment or shortly '

1

'I’h slc\pe value of a pesticide may also be ut:.lz.zed ‘as an

Generally

xelai,wx;:.; to* the LDgy value,

> B
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'speaking.‘t a "};ﬁest'iqidé' with a siope valu;z of 4 pz_:obiﬁts.cr highe;:: 3
can‘jhfi;én-bé" made sa;fer' to honey beés by lowerin'g.;“thev dcsacjé only .
slightly. . Corivemely,' by increasing the dosage only sliqfht_]_.y - ';‘ ..

| 'the pesticide can uecome h:z.ghly hazardous ‘to bees. This infcmatidﬁ .
is parﬁlcularly,nseful when the LB5Q in u.g/bee is approx:.mately

equal to the normal dosage in 1bs/A neaded. in the field to

-

cantrol pest populatlons. For example, cons:.der a pesticxde, '

'y

whmh is nomally applled at dosages of 0.5 to 1 5 lbs/h to

ccmtz_:gl @est msects, having a Ldgyg of 1.0 wg/bee, Farthermore, ' t

suppose that the simpe'{raluek-bf this pestic'ide'i's 2 0 probits.
Then, if thris chemical is aopl:.ed at 0.5 1b/A, we would expect
a 28,4; kill of bees in the f:r.e:ld» ‘at 1 1b/A, we would expect g
50"0 kill; and, at 1 5 lbs/A, we . would expect a 64% kill.

For. adci:.{_:mnal examples of antm:.pated bee mortalities atu
othex -'selecf*;ed slope values. anfd_ field dc;;jsages of a pesticide

having a LDSO v.alue of,l,’O u.g,’begz refer o tablve' beléw.

Slope if pest:.c:.de is applled at the rate of = pounds per
.walue, - acre--then the anticipated percent mortality is:
probits 0.5 L 0,75 1,0 1.25 1.5
2 -28 . . - 42 50 - 57 64
4 12 32 ¢ 50 - 66 72
-8 <2 17 'so . 78 96 N ':_
16 — 3 . 50 93 - o .

Any pestxc.t&e havmg a known uDso value can be sma.larly perusea
' substxtutmg the LDSO value of the' chem:z.cal into the LDSQ (‘C’ R A -

1.0 or center) ca‘lumn bj; thisg figure and muld, tz.plymg the Lnso value

s ’ - - : . ’ ’
D . ) . LT

o

o e,
5 X
o

e 03

»

ED_005172C_00000003-00010



.
: b3 )
WA 2 L i e -

NnEQE?S , ;g
iﬁ“‘&' - Zg*go - RANEN S‘{S‘rﬁﬂﬁ Rgse:mo Y

b- '.,.. o e - o = - K . P L

. . . . . «

by the c;t‘her factors (0 5, 0 75, 1.25 and 1. 5) to cb*‘am the proper-
‘r'ange of f:z.elri dcsages in pounds pexr acre.' Then, usmg the slope )

value closest to the known slope value for ‘the partz.cular pesﬁmlde,

 the antl.c,,.pated percent mcrtalltles will be valzd o tha’c —chemmal-.- --------- .
We wJ.sh to- emphasn.ze that there ara a few except:,ons to the
above xule of thumb method-—--~’chose paﬁt:;.c:.des wh;x.ch are less
hazardous. as well as more hazarﬁqus than one can antlclpate ﬁrom
t‘ne laboratory data.
It is our desire that, by presﬁntmnc th~ 5 data and theqe
- met'nads, declslons aan be made (to zelech a pestlcxde, detemme
v - the dcsag:a, and apply the chemical in the safest way and at the -
most apprcprlate time of day) maximizing the control of pest
species while mirx:zmlza.ng *‘ne adverse affects. upon beneficial
~ species in the treated axea, ' L | . )} :
- A list of the LDSO and slope values determined at 48 hours
' afte?:r treatment at 80F (26. ?c) and 65 percent relative humidity
in t:he laboratcry is given fm: 203 pestlcldes in table 1. &

list of pest:.c:l.c‘{es not tOXlC in the laboratory at dosages belcw

11 p,g per honey bee is gn.ven for 196 pastxcldes in table 2

Qther commonly used pestmcmde names or name desmgnatmns appear'
together in tables 1 and 2. ‘The pest:.c:l.de names or other
_designatmns appearing in table 3. or 2 are arranged in alpha-
’-‘:betwal order in table 3 preceded with a numerwal reference to

'thmr pcsn.twn in table l or 2 and glv:mg the c:hemlcal &efa.nltlon.

CRkLCro is the le‘chal concentratmn of a chnmmal glvmng a bee mortalztv
of 50 percent LDsg is the lethal dogage in mmrograms per bee of a;
chemcal gn.va.ng 50 per:cent martal:.ty.

®

xw
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. o Materisls and Methods

. : . Test Procedures
A bell~jar vacuun duster is used to apply the pasticide, mixed with a-
) pyrolite dust diluent, to the test bees. Dosages of dust are wolghed,
' bees are aspirated into dusting ceges and trested, and bees are then
transferred into holding cages. Obsexrwvations are recorded at 12, 24, -
. 48, 72, wud 96 hours.
Statisticsl Analvsis
Mnalyais of the data was performed to erable the asthors to deternine )
¢ LD50 values of pesticides from either dosage-mortality curves or from .
_ LC50 values. The slope value was also obbained from the dosage~
: . mortality curve.
‘ Distussion/Resulbs.
See Lables for i.DSO values, zlope ‘_valués. and toxicity categorias.
Reviewsr's Evaluation

A, Test Procedure

rocedures were sound.

. B. Statistical Analysis

¢ . e . . . _ g .
. ' Analysis as performed by the authors was assumed to be valid .

Ro validation was performed br EEB.

€. Discussion/Results

1
m™ig grudy is sclentificalliy smound.

o
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